The interaction of Fe(III) with niacin and pyridoxine was investigated by UV-Vis.
INTRODUCTION
Vitamin is an organic compound required as a nutrient in tiny amounts by an organism. Vitamins help the animal organism to perform some specific physiological functions and regulation of metabolic processes, which are vital to life (Liberman and Bruning 1990 , Chatterjee 1972 , Claus and Tayler 1965 , Finer, 1973 . Vitamins are known as accessory dietary factors and are only necessary in very small amount. Pyridoxal, pyridoxamine and pyridoxine are different forms of vitamin B 6 . All three compounds are efficiently converted to the biologically active form of vitamin B 6 , pyridoxal phosphate. Pyridoxal phosphate functions as a coenzyme for the amino group transformation (Voet and Voet 1995, Garrett and Grishamn 1995) . Niacin (nicotinic acid and nicotinamide) is another water soluble B-vitamin. In the blood, brain, kidney and liver it is converted to the coenzyme of nicotinamide. Tryptophan is an amino acid, which is a provitamin of niacin. Nicotinic acid is an essential component of mammalian diet.
Iron is of fundamental importance to the growth, development and well-being of almost all living organisms. Multiple biological systems have evolved for the uptake, utilization, storage, and homeostasis of iron in microbes, plants and mammals. Both iron deficiency and iron overload are found extensively in humans; the intimate links between iron and oxidative stress are associated with a wide range of pathologies. Iron overloads and deficiencies are important factors in the health of humans and are therefore a key target in drug development. Iron is essential for all living organism, although in excess amount it is dangerous via catalyzing the formation of reactive oxygen species (Crichton 2009 ).
In a previous paper, the authors reported the cyclic voltammetric studies of Fe(III)-vitamin B 6 complex in HEPES buffer at carbon paste electrode (Shaikh et al. 2006) . Solid product of Fe-vit B 6 complex was isolated and then CV studies were carried out by dissolving it in HEPES buffer. The redox process was irreversible. Here, in this communication the authors report the cyclic voltammetric study of interaction between Fe(III) and two water soluble vitamins, pyridoxine (vitamin B 6 ) and nicotinic acid (vitamin B 3 ) at platinum electrode in the solution medium.
MATERIALS AND METHODS
This study was carried out using an Epsilon Electroanalyser developed by Bioanalytical System Inc., U.S.A. The purpose of the potentiostat is to impose a cyclic linear potential sweep on the working electrode and to output the resulting current potential curve. This sweep is described in general by its initial (E i ), switching (E s ) and final (E f ) potentials and scan rate (V/s).
The experiments were done in a pyrex glass micro cell with Teflon cap. A platinum electrode was used as working electrode, which was cleaned by using alumina powder on polishing cloth. Ag/AgCl electrode and Pt wire were used as reference and counter electrodes, respectively.
An AGE (Velp Scientifica) magnetic stirrer with a Teflon coated magnetic bar and a pH meter (Orion 2 Star made by Thermo Electron Corporation) was employed for stirring and measuring the pH value of the solutions, respectively. Preparation of the solutions was done using volumetric flask and pipettes made of Pyrex glass. The spectroscopic study was done by UV-1800 (Shimadzu Corporation, Japan) using a pair of quartz cell.
Chemicals used in the experiments were: Ferric nitrate (BDH), pyridoxine hydrochloride and niacin (Nicotinic acid) (ESKYAF, Bangladesh), potassium chloride and sodium perchlorate monohydrate (MERCK, Germany). The buffers were prepared using sodium acetate (MERCK, Germany) and acetic acid (Sigma-Aldrich Laborchemikaline, GmbH). For cleaning and all other purposes deionized water was used and 99.997% nitrogen (BOC, Bangladesh) was used for purging purpose.
RESULTS AND DISCUSSIONS
The interaction between Fe(III) and two B vitamins, pyridoxine hydrochloride and niacin were studied using cyclic voltammetry. The composition of the complexes in solution was determined spectrophotometrically (Hill and MacCarthy 1986) .
The ratio at which Fe(III) forms complexes with pyridoxine was determined using continuous variation method (Job's method) and slope ratio method. Fig. 1 (ii) and the calculated slope ratio is 1 : 1. So it can be concluded that Fe(III) forms complex with pyridoxine in 1 : 1 ratio in the aqueous medium. The metal to ligand ratio in Fe(III)-niacin complex was measured using same method and found to be 1 : 3.
First of all the redox behavior of Fe(III) was studied and then redox behavior of Fe(III) in presence of pyridoxine and niacin was studied using cyclic voltammetry at platinum electrode. The cyclic voltammogram of 3 mM Fe(NO 3 ) 3 in 0.1. M KCl was taken in the potential range (800 -300 mV), at scan rate 200 mVs -1 (Fig. 2i ).
Potential ( The cyclic voltammograms of Fe(NO 3 ) 3 solution at different scan rates in the same potential range are shown in Fig. 2 (ii). The current-potential data, peak potential separation, peak current ratio of the voltammograms at different scan rates have been studied carefully. Fig. 2 (ii) it is seen that for the cathodic peaks, the peak potentials are gradually decreased and for the anodic peaks, the peak potentials are gradually increased as the scan rate increased. But the increasing and decreasing rate of potential is very small. This behavior can be described by slower charge propagation, probably due to difference in solvation and or permeability (Shaikh et al. 2006 , Akhtar et al. 2008 .
From the
It is also observed that the peak current increases with scan rate. In a slow voltage scan the diffusion layer grows much further from the electrode in comparison to a fast scan. Consequently, the flux to the electrode surface is considerably smaller at slow scan rates than it is at faster rates. As the current is proportional to the flux towards the electrode the magnitude of the current becomes lower at slow scan rates and higher at high scan rates. The general conclusion is that the redox system is diffusion controlled (Bard and Faulkner 1980) . Current passing through either a Galvanic or an electrolytic cell requires a driving force (potential) to overcome the resistance of the ions to move towards the anode or the cathode. This force follows Ohm's law and is equal to the product of current in amperes and the resistance of the cell in Ohms. The force is generally referred to as the Ohmic (ii) (i) potential or the IR drop. From Fig. 3(i) it is clear that with increasing scan rate, the peak potential separation increases because the cathodic peak shifts towards negative potential and that of anodic towards positive potential. Here the cause is the effect of IR drop (Shaikh et al. 2006) . Fig. 3 (ii) illustrates that with increasing SQRT of scan rate ( 1/2 ), the peak currents increases, giving the conclusion that the process is adsorptive controlled (Bard and Faulkner 1980, Hasan et al. 2012 ). The peak current ratio is found to be very near to unity, which implies the system to be reversible. 4 (ii) demonstrates linear increment of log (current) vs log (scan rate) plot. The slope is less than unity, which again indicates that the process is diffusion controlled (Devid and Grosser 1993, Nicolson and Shain 1964) . The cyclic voltammograms of Fe(NO 3 ) 3 of various concentrations (1, 2 and 3 mM) in 0.1 M KCl at 250 mVs -1 scan rate are shown in Fig. 5 (i) and the variation of anodic peak current with concentration of iron is shown in Fig. 5 (ii). With the increase in
concentration there is a gradual linear increase in peak current, which may be due to the presence of a large amount of electroactive species at higher concentration (Mascus et al. 1996) . The peak current increases with concentration also give the idea that the system may be diffusion controlled.
Potential ( The cyclic voltammograms of 3 mM Fe(NO 3 ) 3 , 3 mM niacin and equimolar mixture of Fe(NO 3 ) 3 and niacin were taken in the same potential range and at the same scan rate. The CVs are shown in Fig. 6(i) . In the CV of metal-ligand mixture, there is a cathodic peak at potential 398.3 and one anodic peak at 617.1 mV. The voltammograms demonstrate that both the cathodic and anodic peak position of Fe(III)-Fe(II) system in presence of niacin moves towards right. Moreover, the intensity of the peaks has been modified. This behavior confirms the interaction between Fe(III) and niacin, and formation of Fe(III)-niacin complex. The reactions involved on the electrodes may be written as, 
A series of cyclic voltammogram of a 1 : 1 mixture of Fe(NO 3 ) 3 and niacin in 0.1 M KCl at different scan rates are shown in Fig 6(ii) . The parameters obtain from the figure are listed in Table 1 . = SQRT of scan rate; Epa = Anodic peak potential; Epc = Cathodic peak potential; ipa = Anodic peak current; ipc = Cathodic peak current; ∆E = Peak potential separation;
The parameters indicate that for cathodic peaks, the peak potentials are gradually increased and for anodic peaks, the peak potentials are gradually decreased as scan rate increased. But in both case the change is very minute. The data in Table 1 also express that the peak current increases with scan rate. This can be rationalized by considering the size of the diffusion layer and the time taken to record the scan. So, the redox system (electron transfer process) in Fe(III)-niacin complex is also diffusion controlled (Shaikh et al. 2006 , Akhtar et al. 2008 , Bard and Faulkner 1980 . The plot 7(i) shows that with the increase of scan rate, the peak potential separation increases because the cathodic peak shifts towards negative potential and that of anodic towards positive potential. The Randles-Sevcik plot, Fig. 7 (ii) expresses that with increasing v 1/2 , the peak currents increases, which indicate that the process is diffusion controlled as well as adsorptive controlled. Considering all observations and the peak current ratio it can be said that the charge transfer process in Fe(III)-niacin complex is quasireversible. (i) (ii) Fig. 8(i) demonstrates variation of peak current function with increase of scan rate. The Fig. 8 (ii) shows linear increment of log (current) vs log (scan rate) plot. The slope is less than unity, which again indicates that the process is diffusion controlled (Devid and Grosser 1993, Nicolson and Shain 1964) .
The cyclic voltammograms of 3 mM Fe(NO 3 ) 3 , 3 mM pyridoxine and equimolar mixture of Fe(NO 3 ) 3 and pyridoxine was taken in the same potential range and at the same scan rate. The CVs are shown in Fig. 9(i) . In the CV of metal-ligand interaction, there are two cathodic peaks at potentials 388.7 and 510.3 and one anodic peak at 594.8
mV. The voltammograms demonstrate that both peak position and peak current of the cathodic and anodic peak of Fe(III)-Fe(II) system have been modified in presence of pyridoxine. This behavior confirms the interaction between Fe(III) and pyridoxine. The pair of peaks at 388.7 and 594.8 mV may be due to Fe(III)-Fe(II) system of the iron-pyridoxine complex. The hump like peak at 510.3 mV may be due to the ligand part of the complex. 
To investigate the scan rate effect, a series of cyclic voltammograms of 3 mM Fe(III) in presence of 3 mM pyridoxine in 0.1 M KCl at different scan rates were taken which are overlaid and shown in Fig. 9 (ii). The parameters obtain from the figure are listed in Table 2 . V = Scan rate; V 1/2 = SQRT of scan rate; Epa = Anodic peak potential; Epc = Cathodic peak potential; ipa = Anodic peak current; ipc = Cathodic peak current; ∆E = Peak potential separation. Table 2 reveals that for cathodic peaks, the peak potentials gradually increased and for anodic peaks, the peak potentials are more or less same as scan rate increased. But in both case the change is very minute. This behavior can be described by slower charge propagation, probably due to difference in solvation and permeability.
The data in Table 2 also shows that the pattern of peak current, peak potential etc are almost same as that of metal niacin complex. The increment of peak current with  ½ , the increment of peak position separation with scan rate is due to IR drop. The fact is that for positive (cathodic) current, the actual working electrode potential is less negative than the applied (measured) potential, while for negative (anodic) current, the shift is in the positive direction. Considering the peak current ratio, peak separation, and other factors discussed above it can be said that the redox system in iron-pyridoxine complex is quasireversible and the charge transfer process is diffusion controlled and adsorptive controlled. (i) (ii) Fig. 11(i) shows variation of peak current function with increase of scan rate and Fig  11 (ii) shows linear increment of log (current) vs log (scan rate) plot. The slope is less than unity, which again indicates that the process is diffusion controlled (Devid and Grosser 1993, Nicolson and Shain 1964) .
To investigate the effect of concentration on the interaction of Fe(III) and pyridoxine, cyclic voltammograms were taken where the concentration of pyridoxine was kept fixed and was let to interact with Fe(NO 3 ) 3 of various concentration. The following figure shows the voltammograms. The voltammograms indicate a regular pattern of interaction between Fe(III) and pyridoxine in which the cathodic peak gradually shift towards right and the anodic peak moves to left as the concentration of Fe(III) is increased. The peak current increases with concentration also give the idea that the system may be diffusion controlled (Mascus et al. 1996) .
CONCLUSION
The interaction of Fe(III) with pyridoxine and Niacin in solution was confirmed by UV-Vis spectrophotometry. The ligand to metal ratio for the complexes was calculated by using two independent methods (continuous variation and slope ratio method). The ligand to metal ratio for Fe(III)-pyridoxine system was found to be approximately 1 : 1 by both the methods. Similarly the metal to ligand ratio for Fe(III) with niacin was found to be 1 : 3.
The redox properties of Fe(III)/Fe(II) system has been studied in absence and presence of the ligands pyridoxine and niacin in KCl. Uncoordinated Fe(III)/Fe(II) system is reversible and in presence of the ligands the system was found to be quasireversible in nature. It was also found that in every case the system is diffusion controlled. Pyridoxine was found to interact more strongly than niacin.
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